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ABSTRACT 
Background: Although high inspired oxygen fraction (FiO2) is common practice in pediatric 
anaesthesia, there is lack of evidence for affects on postoperative lung function. Therefore, 
we compared postoperative changes in lung volume, ventilation heterogeneity and respiratory 
mechanics while ventilating anaesthetised children with low or high FiO2. 
  
Methods: In a double-blinded, randomized, controlled trial, children scheduled for elective 
surgery were randomly assigned 100% FiO2 (Group H) or 80% FiO2 (Group L) during 
anaesthesia induction and emergence, while anaesthesia was maintained with either FiO2 of 
80% (Group H) or 35% (Group L). During spontaneous breathing, we measured functional 
residual capacity (FRC) and lung clearance index (LCI) by multiple-breath nitrogen washout, 
airway resistance and respiratory tissue elastance by forced oscillations preoperatively (M1), 
after discharge from the recovery room (M2) and at day 1 postoperatively (M3). Secondary 
outcomes were the occurrence of respiratory complications, post-operative nausea and 
vomiting and surgical site infection at 30 days postoperatively.  
 
Results: FRC decreased in Group H at M2 (–14.7% [–21.0, –8.3] 95% CI, p=0.008) but 
normalized at M3. Ventilation inhomogeneity (LCI) increased in both groups at M2 but 
remained elevated only in Group H at M3 (6.3% [–0.3, 12.9%], p=0.023). No differences in 
respiratory mechanical parameters or in secondary outcomes were observed. 
 
Conclusions: High FiO2 decreases lung volume in the immediate postoperative period with 
long-lasting enhancement in lung heterogeneity. This result, in addition to the well-
established harmful effects of hyperoxia, supports the avoidance of high FiO2 during 
anaesthesia management of children with normal lungs. 
 
Word count: 249 
 
Key words: lung function, hyperoxia, ventilation heterogeneity, functional residual capacity, 
mechanical ventilation 
 
Trial registration: ClinicalTrials.gov, number NCT02384616  
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3
INTRODUCTION 
 
It is common practice during general anaesthesia to use enriched fractions of inspired oxygen 
fraction (FiO2) to prevent hypoxaemia subsequent to mismatch in ventilation-perfusion and to 
compensate for the decrease in functional residual capacity (FRC)1. High FiO2 strategies are 
particularly common practice in pediatric anaesthesia, for which severe respiratory adverse 
events associated with airway obstruction are frequent2.  
 
However, high FiO2 (>80%) decreases alveolar nitrogen and increases the oxygen gradient 
across the alveolar-capillary membrane, leading to rapid oxygen absorption and alveolar 
collapse3. This phenomenon, known as “absorption atelectasis,” may decrease FRC and 
increase intrapulmonary shunt4. This loss in FRC has been demonstrated in adults and in 
children following the intraoperative use of 100% FiO25-7. However, the pulmonary 
consequences of ventilating children during general anaesthesia with high FiO2 in the 
perioperative period have not been fully characterized.  
 
On one hand, the promotion of 80% FiO2 at induction and emergence and subsequently 
limiting to 35% during maintenance is claimed to be the optimal management technique to 
prevent the occurrence of atelectasis while providing sufficient oxygenation and allowing 
early detection of ventilation perfusion inhomogeneity. On the other hand, the use of 100% 
FiO2 at induction and emergence and subsequently limiting to 80% during maintenance is 
thought to increase the margin of safety for hypoxemia while decreasing the risk for 
postoperative nausea and vomiting (PONV) and surgical site infections (SSI).8-10 
Anaesthesiologists may thus decide to provide routine high FiO2 without considering the 
potential adverse effects on lung function. 
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4
The present double-blinded, randomized study sought to compare the perioperative outcomes 
for children subjected to anaesthesia and ventilated with high (80%) or low (35%) FiO2 
during maintenance of anaesthesia. We hypothesized that high FiO2 would lead to adverse 
and prolonged postoperative changes in lung function. 
 
METHODS 
This study is registered with ClinicalTrials.gov, number NCT02384616 
 
Trial design 
This is a single-center, randomized, controlled, double-blinded trial.  
 
Participants 
After obtaining the approval from the Ethics Committee of the Canton of Geneva, 
Switzerland, (CER 14-039) written informed consent was obtained from the parents of 
children aged 6 to 16 years. Additional direct consent was obtained for children over 12 years 
of age. Children requiring general anaesthesia with tracheal intubation who were scheduled 
for elective non-abdominal and non-thoracic surgery lasting less than 200 minutes and who 
had an American Society of Anesthesiologists physical status of I and II and body mass index 
< 30 kg/m2 were eligible. We excluded children with medical history of heart or lung disease, 
obstructive sleep apnoea, and recent upper respiratory tract infection (< 2 weeks prior to 
surgery), as well as those with predictably difficult airways.   
 
Interventions 
When appropriate, children received oral premedication with midazolam (0.25 mg/kg) 30 
minutes prior to anaesthesia induction and after performing the first set of measurements. 
Anaesthesia induction was performed either by inhalational induction with sevoflurane or 
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5
intravenously with propofol (2 to 3 mg/kg). Endotracheal intubation was performed either 
under deep anaesthesia or after administration of neuromuscular blocking agents (atracurium 
0.5 mg/kg or rocuronium 0.6 mg/kg). Intraoperative analgesia was provided with fentanyl 
with or without regional nerve blocks.  
 
Based on group allocation, FiO2 was set at 100% (Group H) or 80% (Group L) during 
induction until end-tidal oxygen concentration of 90% (Group H) or 70% (Group L) was 
reached. Maintenance FiO2 was either 80% (Group H) or 35% (Group L) throughout the 
whole procedure until 10 minutes before the planned tracheal extubation, at which point FiO2 
was increased to 100% (Group H) or 80% (Group L). 
 
After endotracheal intubation, a vital capacity maneuver was performed for all children by 
inflating the lungs to 30 cmH20 for a period of 5–10 seconds. Both groups of children were 
ventilated in pressure-controlled mode with positive end-expiratory pressure of 5 cmH20, a 
tidal volume (VT) of 7–8 ml/kg, and a ventilation rate adjusted to maintain the end-tidal CO2 
between 5–6 kPa. At the end of the surgical procedure, the ventilation mode was set to 
pressure support for assisting the return of spontaneous ventilation. Reversal of muscle 
relaxation was performed at the end of the surgery according to train-of-four monitoring. 
 
After extubation, all patients were transported in the lateral position to the post-anaesthesia 
care unit (PACU). Oxygen saturation was measured continuously until the patient was 
discharged to the ward. Any additional intraoperative respiratory intervention, such as 
recruitment maneuvers or tracheal suctioning, that was performed was recorded. Clinical 
follow-up with particular attention to respiratory complications, SSI and PONV was 
performed daily until hospital discharge and at day 30.  
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Outcomes 
The primary outcomes of the present study were changes in lung function as defined by the 
following: functional residual capacity (FRC), lung clearance index (LCI), airway resistance 
and respiratory tissue elastance (AX). FRC and LCI were measured using the nitrogen (N2) 
multiple breath inert gas washout (MBW) technique (Exhalyzer D, Eco Medics, Duernten, 
Switzerland), in accordance with the guidelines of the European Respiratory Society11. These 
measurements were performed in a sitting position while the child, with a nose clip, was 
breathing spontaneously via a mouthpiece connected to an ultrasonic transit-time airflow 
meter. The washout system is based on indirect measurement of N2 using a mainstream CO2 
infrared and a sidestream laser O2 sensor in combination with an ultrasound flowmeter12. 
FRC was calculated by dividing the net amount of nitrogen exhaled during the washout by 
the difference in end-tidal gas concentrations from the beginning to the end of washout 13. To 
characterize ventilation heterogeneities, LCI was obtained by counting the number of FRC 
turnovers required to reduce the end-tidal concentration of nitrogen to 1/20th (LCI5) and 
1/40th (LCI2.5) of the starting concentrations 13. During each assessment, FRC and LCI 
measurements were performed in reproducible duplicates, and the average values were used 
for further analysis.  
 
Respiratory mechanics, as assessed by airway resistance and AX, were measured using the 
forced oscillation technique (FOT) in accordance with European Respiratory Society 
guidelines14. Briefly, the input impedance of the respiratory system was measured in the 
frequency range of 5–37 Hz by a commercially available oscillometry system (tremoFlo C-
100, SCIREQ, Montreal, Canada) while the child was in the sitting position breathing 
normally with a nose clip. The flow resistance of the airways was estimated by calculating 
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7
the average resistance values in the frequency range of 5 to 19 Hz (R5–19), in which no 
systematic frequency dependence occurs. The AX, representing the stiffness of the 
respiratory tissues, was assessed by calculating the area under the reactance curve between 5 
Hz and the resonant frequency. VT during these measurements was also recorded. For a 
better comparability with earlier established reference values, the respiratory system 
compliance (Crs) was calculated from the 5 Hz reactance data (X5) as Crs=1/(10⋅π⋅X5). 
 
MBW and FOT measurements were performed at three different time points. The first set of 
data (M1) was collected in the preoperative period 1 hour before premedication and 
admission to the operating room. Measurements were then repeated twice in the 
postoperative period: prior to transfer to the ward (M2) and at postoperative day 1 (M3). 
 
Secondary outcomes included incidence of perioperative respiratory adverse events 
(laryngospasm, bronchospasm, oxygen desaturation), PONV, postoperative respiratory 
complications (hypoxemia, pneumonia). A 30-day follow-up for respiratory complications 
(hypoxemia, pneumonia) and SSI was retrieved from the medical records and from phone 
contact with the parents. 
 
Sample size 
Sample size calculations were performed using SigmaPlot software (Systat Software, Inc., 
San Jose, USA). Based on our previous study comparing FRC in children15, a sample size of 
23 patients per group is required to detect an FRC difference in means of 2.5 ml/kg 
(considering 10% difference as clinically significant), assuming that the common standard 
deviation is 2.5 ml/kg using a t-test with an alpha error of 0.05 and a power 0.9. Considering 
potential drop-outs, we aimed at enrolling 29 patients in each group.   
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Randomization  
Children were recruited into the trial at the pre-anaesthesia consult. Following inclusion into 
the study protocol, the children were randomly assigned to Group H (high FiO2) or L (low 
FiO2) by computer-generated block randomization on the day of the operation. The 
randomization was based on a random generation of binary numbers from a uniformly 
distributed variable (SigmaPlot, Systat Software, Inc., San Jose, USA). Allocation 
information was kept in sealed envelopes containing a non-transparent pleated color sheet 
into which a page describing the etiquette for intervention was inserted. The attending 
anaesthetist was authorized to open the envelope in the operating room and was the only 
person who could know treatment allocation. All investigators, including all other anaesthesia 
personnel in PACU, were blinded to group assignment. 
  
Statistical methods  
Data sets were checked first for normality, and logarithmic transformations were performed if 
necessary. Parameters obtained from MBW and FOT were compared to earlier established 
reference values to assess concordances16, 17. Continuous variables are reported as mean and 
95% confidence interval (mean; CI), if normally distributed, or median and inter-quartile 
range, if not normally distributed. Categorical variables (e.g., gender or occurrence of adverse 
events) were compared using chi-square or Fisher’s exact test. The effects of FiO2 on the 
MBW and FOT parameters were examined by repeated measures two-way analysis of 
variance with time (M1, M2 and M3) as the within-subject factor and group allocation 
(Groups L and H) as between-subject factors. A significance level of p<0.05 was used for all 
statistical analyses. Statistical analyses were performed using SigmaPlot software package 
(version 14, Systat Software, Inc., San Jose, USA). 
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RESULTS 
 
Participant Flow 
A total of 58 children (29 in each group) was randomly allocated to either high (Group H) or 
low (Group L) FiO2 between March 2015 and May 2018. Figure 1 depicts the flow diagram 
of the study and provides details about the enrolled and excluded participants. 
 
Baseline characteristics 
Baseline and perioperative characteristics were well balanced between both groups (Table 1). 
Most children were scheduled for orthopedic surgery (n=22, Group H; n =24, Group L), 3 
(Group H) and 2 (Group L) children for plastic surgery, and the remaining children for 
genitourinary surgery. While most children received neuromuscular blocking (NMBA) 
agents to facilitate endotracheal intubation, reversal of NMBA was rarely considered. There 
was no difference in the number of children receiving PONV prophylaxis, which was 
provided in 55% (Group H) and 40% (Group L). All patients received antibiotics according 
to the local institutional prophylaxis recommendations.  
 
More than half the patients required postoperative morphine to ensure an adequate analgesia 
level as reflected by the low worse pain scores. In addition, there was no difference in the 
incidence of respiratory interventions between the 2 groups. 
 
Numbers analyzed 
The analysis was performed in patients where at least 2 appropriate datasets could be 
retrieved. Thus, the analysis of the MBW data was possible for 22 (Group H) and 21(Group 
L) children. In Group H, 5 and 6 datasets were missing at M2 and M3, respectively, whereas 
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10
in Group L, 4 and 2 datasets were missing at the M2 and M3 stages, respectively. We were 
able to include all of the 27 patients in each group for FOT measurements. However, in 
Group H, 4 and 5 children were missing FOT recordings at M2 and M3, respectively, and 2 
and 4 children in Group L, respectively.  
 
Primary Outcomes  
Lung volume and heterogeneity indices obtained from the MBW measurements are 
summarized in Fig. 2 as absolute values (left panels) and relative changes to the baseline (i.e., 
relative to M1; right panels). No significant changes in FRC were observed in Group L, 
whereas FRC decreased significantly in the immediate postoperative period (M2) in Group H 
(p=0.008). The absolute values of LCI5 tended to increase in the second measurement (M2) 
in Group L (p=0.054), whereas it remained significantly elevated during the entire 
postoperative period in Group H (p=0.04 for both M2 and M3). LCI2.5 increased significantly 
at M2 in Group L (p=0.02) and had a trend toward increase in children of Group H (p=0.07). 
There was no evidence for any change in VT during the MBW measurements. The relative 
changes in the MBW indices reflected the temporal changes of the absolute values. In Group 
L, significant alterations were only detected at M2 in %LCI5 (p=0.02) and %LCI2.5 (p=0.005). 
Conversely, significant changes in Group H were observed in %FRC (p=0.01), %LCI5 
(p=0.02) and %LCI2.5 (p=0.049) at M2. The %LCI5 and %LCI2.5 remained high in these 
children at M3 (p=0.02 and p=0.08, respectively).   
 
Respiratory mechanical parameters as assessed by airway resistance (R5–19) and respiratory 
tissue stiffness (AX) are depicted in Fig. 3 as absolute values (left panels) and relative 
changes to the baseline (i.e., relative to M1; right panels). R5–19 and AX did not change 
significantly throughout the study (M1–M3). Moreover, there was no evidence for between-
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11
group differences in any of the respiratory mechanical indices. There was a small but 
significant decrease in VT during the FOT measurements in Group L at M2 and M3 (p=0.02 
for both). For Group H, VT decreased significantly at M2 (p=0.002) and there was a 
tendency for a decrease at M3 (p=0.06). The relative changes in VT were only significant at 
M2 in Group H (p=0.01).  
 
Ancillary analysis 
Since more than half of the patients received morphine in the PACU to ensure adequate 
analgesia and this agent has been shown to affect bronchial tone, we assessed whether 
administration of morphine had an effect on the lung-volume changes observed at M2. There 
was no evidence for a significant difference in the percentage decreases in FRC between the 
patients with and without morphine administrations in Group L (–8.3; [–19.5 to 2.9] vs. –7.5; 
[–14.9 to 0.1]) and Group H (–13.3; [–17.4 to –9.2] vs. 15.6; [–27.1 to –4.1]). 
 
Figure 4 depicts the relationships between the baseline data (M1) of the current study with 
reference values from similar patient population16, 17. Satisfactory concordance was obtained 
for lung volume, ventilation heterogeneity and respiratory mechanical parameters with no 
systematic deviation from the predicted values in children.  
 
Harms 
Table 1 depicts secondary clinical outcomes, such as respiratory complications, PONV, and 
SSI at 30 days. No severe respiratory complications occurred during the perioperative period 
and the incidence of PONV was comparable between both groups. One patient in Group H 
had a single episode of oxygen desaturation (at 85% for 2 minutes) needing tracheal 
suctioning and lung recruitment maneuver. In Group L, 3 patients required additional lung 
recruitment maneuvers and transient increases in FiO2. During PACU stay, 2 (Group H) and 
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3 (Group L) children, exhibited oxygen desaturation (SpO2< 90%) due to hypoventilation, 
which required the administration of 2 l/min oxygen via nasal prongs. One patient in each 
group presented fever (> 38.5°C) on the second postoperative day without additional 
symptoms. Finally, one patient in Group L had a scar infection that was treated by local 
dressing under 50% nitrous oxide–50% oxygen administration and antibiotics.   
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DISCUSSION  
 
In the present study, we detected lung-volume loss and enhanced ventilation heterogeneity 
after high FiO2 was applied during general anaesthesia to children with normal lungs. 
However, these effects were not associated with measurable changes in airway and 
respiratory tissue mechanics. Moreover, there was no evidence for a difference in 
perioperative outcomes between high (80%) and low (35%) FiO2 during maintenance of 
anaesthesia. 
 
The baseline FRC values obtained preoperatively by MBW in the present study are in 
agreement with those obtained in previous cohorts of healthy children (Fig. 4)16. The LCI 
values are somewhat lower (8%) than those predicted for a pediatric population, but well 
within the range reported previously in school-aged healthy children15, 18. Similarly, the 
resistive and elastic parameters of the respiratory system show good concordance with earlier 
FOT predicted values 17. While the flow resistance of the airways was characterized in the 
present study as the average of the real part of the respiratory impedance between 5 and 19 
Hz, most of the previous studies reported single-frequency values, which limits direct 
comparisons. However, the values obtained in the present study are well within the range of 
these previous reported data for healthy children19, 20. Therefore, we can declare with 
confidence that the results obtained with the main outcomes reflect lung functional changes 
reliably. 
 
The main finding of the present study is the loss of lung volume detected more than 2 hours 
after tracheal extubation in the group of children who received 100% FiO2 at induction and 
emergence and 80% FiO2 during maintenance (Fig 2). Although many factors related to a 
general anaesthesia (i.e., opioid administration, NMBA use and fluid balance) may decrease 
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FRC, we detected no significant differences between the 2 groups. Moreover, subgroup 
analysis of children receiving morphine in the PACU did not reveal differences in lung 
function indices, which is an additional indication that lung-volume loss is mainly related to 
FiO2 differences. Thus, it seems more likely that the use of high concentrations of O2 is 
responsible itself to the decreased FRC, as it
 
results in a rapid diffusion of O2 across the 
alveolar-capillary barrier. This underlying mechanism is responsible for the formation of O2-
absorption atelectasis21-23.  Interestingly, FRC values returned to the normal range on the first 
postoperative day, at which point the values became comparable between the 2 groups, 
suggesting that the oxygen-related lung-volume loss is somehow transient in healthy children.  
 
It has been well established that general anaesthesia promotes ventilation heterogeneity due 
to various mechanisms leading to regional changes in ventilation-perfusion ratio 24. The 
results of the present study confirm this observation in both groups of children in the 
immediate postoperative period. However, ventilation heterogeneity, reflected by increased 
LCI values, persisted on the first postoperative day in children who were administered high 
FiO2. This finding suggests that regional differences in alveolar aeration may have persisted 
in these children despite the improvement in FRC.   
 
The respiratory mechanical parameters measured by FOT were similar between the two 
groups (Fig. 3). Since R5–19 mainly reflects flow resistance of the central conducting airways 
14
 and considering that these children had no airway susceptibility, this result indicates that 
transient FiO2 of 80% had no detectable effect on the bronchial tone. Although lung-volume 
loss observed in Group H is expected to be associated with decreased compliance, we did not 
observe a change in AX.  This apparent contradiction may be related to the composite nature 
of AX, which is a combined measure of elastic properties of the chest wall, the diaphragm 
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and the abdominal load, and the lungs25. The results obtained in the present study suggest that 
this parameter is less sensitive than FRC and LCI for detecting mild regional ventilation 
defects in spontaneously breathing children. This finding is in line with previous results 
comparing the sensitivity of the two techniques in detecting adverse changes in the lung 
periphery 26. 
 
Several authors, including the World Health Organization, promote the use of high FiO2 
during anaesthesia to prevent the occurrence of SSI and to decrease the incidence of PONV8, 
10, 27
. Although the present study was not designed for these outcomes, we did not find any 
differences between the two groups. In addition, there were no significant differences 
between the two groups regarding perioperative respiratory adverse events and/or 
interventions.  
 
Although the techniques used in the study are well validated, the measurements were 
technically demanding, and required good patient cooperation. As such, this is a highly 
selected population undergoing specific surgeries, the observations of which only apply to the 
age range and stature studied. Whether or not these findings can be extrapolated to younger 
children remains to be determined; however, it can be anticipated that our observations 
regarding changes in lung physiology can be applied to infants or patients with diseased 
lungs. Reassuringly, low FiO2 was not associated with harm that would preclude its 
consideration in clinical practice, even if the present study was not intended to draw firm 
conclusions regarding secondary outcomes. 
 
In summary, we compared two induction and maintenance FiO2 regimens for pediatric 
general anaesthesia. Our results demonstrate that the use of high FiO2 has deleterious effects 
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on lung volume in the immediate postoperative period with persistent ventilation 
heterogeneity at day 1. While the magnitude of these changes was mild in children with 
normal lungs, a further deterioration in lung function could be anticipated in children with 
lung diseases. According to our results, combined with the known evidence of harmful 
effects of reactive oxygen metabolites triggered by hyperoxia, the use of an anaesthesia 
regimen with low FiO2 is advocated in children with normal lungs.  
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FIGURE LEGENDS 
Figure 1. Patient flow diagram. 
 
Figure 2. Lung volume and heterogeneity indices obtained by the multiple breath nitrogen 
washout (MBW) technique in the children allocated to receive 80% FiO2 (Group H, open 
circles) or 35% FiO2 (Group L, closed circles) during anaesthesia maintenance. M1, M2 and 
M3 are the three-measurement time-points, respectively preoperatively, postoperatively upon 
transfer to the ward, and at postoperative day 1. Symbols and error bars: mean and 95% 
confidence interval. *: p<0.05 vs. M1 within a group, #: p<0.05 between Groups L and H 
within a time-point. 
 
Figure 3. Respiratory mechanics as assessed by flow resistance of the airways (R5-19), 
respiratory tissue stiffness (AX), and tidal volume (VT) during forced oscillatory recordings 
in the children allocated to receive 80% FiO2 (Group H, open circles) or 35% FiO2 (Group L, 
closed circles) during anaesthesia maintenance. M1, M2 and M3 are the three-measurement 
time-points, respectively preoperatively, postoperatively upon transfer to the ward and at 
postoperative day 1. Symbols and error bars: mean and 95% confidence interval. *: p<0.05 vs. 
M1 within a group. 
 
Figure 4. Relationships of the baseline (M1) lung volume (FRC), ventilation heterogeneity 
(LCI), airway resistance (R5–19) and respiratory tissue compliance (Crs) data obtained in the 
present study (symbols) with the reference values from a similar patient population16, 17 
(dashed lines). Closed and open symbols depict data obtained from an individual child 
allocated to receive 80% FiO2 (Group H) or 35% FiO2 (Group L) during anaesthesia 
maintenance. 
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  Group L (n=27) Group H (n=27) 
D
e
m
o
g
r
a
p
h
y
 Age (years) 12.7 (11.8-13.6) 12.4 (11.5-13.4) 
Weight (kg) 52.8 (46.1-59.4) 48.2 (42.2-54.3) 
Height (cm) 158 (152-164) 153 (148-159) 
F/M (n) 14/13 13/14 
ASA-PS I/II (n) 15/12 22/5 
In
tr
a
o
p
e
r
a
ti
v
e
 
Premedication (n) 9 (33%) 12 (44%) 
Intubation time (min) 158 (134-181) 150 (120-180) 
Regional nerve blocks (n) 8 (30%) 5 (19%) 
NMBA administered (n) 20 (74%) 24 (89%) 
Respiratory interventions (n) 6 (22%) 7 (26%) 
PONV prophylaxis n (%) 11 (41%) 15 (56%) 
Crystalloid administered (ml/kg) 11.2 (7.9-14.6) 12.1 (9.8-14.4) 
P
o
st
a
n
a
e
st
h
e
si
a
 c
a
r
e 
u
n
it
 
(P
A
C
U
) 
Time in PACU (min) 104 (84-123) 109 (91-128) 
Opiates 
Fentanyl (n) 
Morphine (n) 
Tramadol (n) 
 
11 (41%) 
15 (56%) 
4 (15%) 
 
10 (37%) 
14 (52%) 
3 (11%) 
VAS (median [IQR]) 2 [1-3] 2 [0-3] 
Respiratory adverse event (n) 4 (15%) 2 (7.4%) 
PONV (n) 
Nausea 
Vomiting 
 
4 (15%) 
4 (15%) 
 
7 (26%) 
2 (7.4%) 
D
a
y
 1
 
Morphine (n) 6 (22%) 5 (19%) 
VAS median [IQR] 2 [0-3] 2 [0-4] 
PONV (n) 
Nausea 
Vomiting 
 
5 (19%) 
5 (19%) 
 
4 (15%) 
2 (7.4%) 
Respiratory complication 
Fever 
0 (0%) 
1 (3.7%) 
0 (0%) 
1 (3.7%) 
D
a
y
 3
0
 
Scar infection 1 (3.7%) 0 (0%) 
 
Table 1. Demographic and clinical characteristics of the children allocated to receive 35% 
(Group L) or 80% (Group H) FiO2 during anaesthesia maintenance. Continuous variables are 
reported as “mean (95% confidence interval)”, categorical variables are expressed as “median 
[interquartile range]” for worst pain scores evaluated by visual analogue score (VAS), or the 
“number of children (relative incidence)” in each category. 
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Flow Diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 
Assessed for eligibility (n=230) 
Excluded  (n=172) 
♦ Not meeting inclusion criteria (n=106) 
♦ Late change in anaesthesia management, 
n=2) 
♦ Declined to participate (n=33) 
♦ Other reasons (technical problems) (n=15) 
♦ Missing personnel (n=16) 
 
Analyzed  (n=27) for FOT 
Analyzed  (n=22) for MBW 
Lost to follow-up (long-term postoperative 
oxygen delivery) (n=1) 
Discontinued intervention (lack of 
collaboration) (n= 1) 
Allocated to intervention – High oxygen (n=29) 
♦ Received allocated intervention (n=29) 
♦ Did not receive allocated intervention (give 
reasons) (n=0) 
Lost to follow-up (give reasons) (n=0) 
Discontinued intervention (lack of 
collaboration) (n=2) 
Allocated to intervention – Low oxygen (n=29) 
♦ Received allocated intervention (n=29) 
♦ Did not receive allocated intervention (give 
reasons) (n=0) 
Analyzed  (n=27) for FOT 
Analyzed  (n=21) for MBW 
Allocation 
Analysis 
Follow-Up 
Randomized (n=58) 
Enrollment 
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Figure 2. Lung volume and heterogeneity indices obtained by the multiple breath nitrogen washout (MBW) 
technique in the children allocated to receive 80% FiO2 (Group H, open circles) or 35% FiO2 (Group L, 
closed circles) during anaesthesia maintenance. M1, M2 and M3 are the three-measurement time-points, 
respectively preoperatively, postoperatively upon transfer to the ward, and at postoperative day 1. Symbols 
and error bars: mean and 95% confidence interval. *: p<0.05 vs. M1 within a group, #: p<0.05 between 
Groups L and H within a time-point.  
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Figure 3. Respiratory mechanics as assessed by flow resistance of the airways (R5 19), respiratory tissue 
stiffness (AX), and tidal volume (VT) during forced oscillatory recordings in the children allocated to receive 
80% FiO2 (Group H, open circles) or 35% FiO2 (Group L, closed circles) during anaesthesia maintenance. 
M1, M2 and M3 are the three-measurement time-points, respectively preoperatively, postoperatively upon 
transfer to the ward and at postoperative day 1. Symbols and error bars: mean and 95% confidence 
interval. *: p<0.05 vs. M1 within a group.  
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Figure 4. Relationships of the baseline (M1) lung volume (FRC), ventilation heterogeneity (LCI), airway 
resistance (R5–19) and respiratory tissue compliance (Crs) data obtained in the present study (symbols) 
with the reference values from a similar patient population16, 17 (dashed lines). Closed and open symbols 
depict data obtained from an individual child allocated to receive 80% FiO2 (Group H) or 35% FiO2 (Group 
L) during anaesthesia maintenance.  
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